Abstract: The recurrence rate following acute anterior shoulder dislocations is high, particularly in young, active individuals. The purpose of this paper is to provide a narrative overview of the best available evidence and results with regards to diagnostic considerations, comorbidities, position of immobilization, surgical versus conservative management, and time to return to play for the management of primary anterior shoulder dislocations. Three independent reviewers performed literature searches using PubMed, MEDLINE, EMBASE, and Cochrane Central Register of Controlled Trials. Randomized controlled trials and systematic reviews meeting inclusion criteria from 1930 to April 2019 were appraised and discussed with the intent to consolidate the best available evidence with regards to lowering recurrence rates. A majority of studies support early surgical intervention for individuals between 21 and 30 years of age following primary shoulder dislocations, as this group is particularly susceptible to recurrence. Conservative treatment plans favor 1-3 weeks of immobilization in internal rotation, followed by rehabilitation. Surgical methods are associated with longer time to return to play, but lower recurrence rates. Return to play time is best determined on an individualized basis, when subjective and objective function of both shoulders is determined to be symmetric. This paper broadly summarizes the best available evidence for the management of primary anterior shoulder dislocations. There remains a need for randomized studies to determine ideal long-term treatment following conservative or surgical management, as general timelines for returning to play following injury remain vague. Level of evidence: IV, Narrative Review
If a patient is young and active, particularly under the age of 30, they are far more likely to dislocate the shoulder and, if not a young adolescent, will have superior long-term results with surgical management. Following surgical stabilization, or simple reduction, internal immobilization for 1-3 weeks is recommended. Specially designed rehab protocols have been shown to accelerate time to return to sport, but the decision to return to full activity should be based on symmetric range of motion and strength in comparison to the healthy shoulder.
Optimal management involves approaching each case on an individual basis and relying on functional comparisons of strength, range of motion, and sport-specific requirements at scheduled check-ups to make important decisions concerning management and return to play.
Background
The geometry of glenohumeral articulation permits great flexibility at the expense of intrinsic stability. This inherent instability makes the shoulder the most commonly dislocated joint in the body, which can lead to recurrent dislocations or subluxations [1] . In particular, young, active males under the age of 30 have an increased risk of recurrent instability [2, 3] . Nearly half (48.6%) of all shoulder dislocations occur in patients 15 to 29 years old, with the highest rate of recurrent dislocations (64%) found in those under age 30 and a male-to-female incidence rate ratio of 2.64 [3] . With evolving knowledge of this common injury, optimal management of primary anterior shoulder dislocations remains controversial.
The first question physicians will usually face following the onset of injury to an athlete is when the affected individual will return to competition. Traditionally, athletes with shoulder injuries are permitted to return to play when range of motion and strength of the affected side are comparable to the unaffected side. However, the extensive variability of injuries and specific individual differences, such as hand dominance, chronicity of injury, and age, make it difficult to estimate the exact timeline it will take a patient to reach this point. Compounding this issue is a lack of literature providing systematic guidelines for common traumatic shoulder injuries [4] . As a result, there may be large discrepancies among physicians on the optimal management and timeline to return to play following an anterior shoulder dislocation in an athlete.
Recurrent shoulder instability following a traumatic dislocation usually develops within the first 2 years of primary dislocation [5, 6] . Because the first 2 years following a primary anterior shoulder dislocation are crucial in long-term outcomes, understanding the optimal management following common anterior shoulder dislocations will assist both physicians and patients in deciding between courses of treatment [5, 7] . The purpose of this study, then, is to comprehensively consolidate existing literature and provide a guide for optimal evidencebased management of traumatic anterior shoulder dislocations. The lack of consensus in this area of study warrants the need for this review.
Main text

Methods
Literature search
Articles reviewed in this narrative overview were obtained from PubMed, MEDLINE, EMBASE, and Cochrane Central Register of Controlled Trials database searches dating from 1930 to April 2019. Our overall goal was to identify influencing variables and the magnitude of their effects on primary anterior shoulder dislocation recurrence rates. With that goal in mind, search terms "primary traumatic anterior shoulder dislocation" and "anterior shoulder dislocation management" were combined with the following injury and surgical specific search terms: primary, acute, first time, Bankart lesion, Hill-Sachs lesion, arthroscopic Bankart repair, conservative, immobilization, return to play, or return to sport.
Types of studies
Two types of studies were primarily included in the formation of this narrative overview: systematic reviews of anterior shoulder dislocations, and randomized controlled trials (RCTs) or quasi-randomized controlled trials of levels I, II, III, or IV evidence that have evaluated operative or non-operative treatment of primary anterior traumatic shoulder dislocations. This included studies investigating the outcomes of duration of immobilization, position of immobilization, or operational repairs. Anterior dislocations account for over 95% of shoulder dislocations [8] , so we chose to study these in order to focus on a more common pathology. Additionally, Bankart lesions are present in 73-85% of anterior dislocation cases. [9] To address this, we included the most common surgery to repair these: arthroscopic Bankart repair (ABR). We also investigated the Latarjet procedure and open surgical repair of primary anterior shoulder dislocations. Finally, literature focused on specific rehabilitation protocols was determined to be out of the scope of this paper and better suited for a separate review. All studies considered followed ethical guidelines for human and animal rights.
Inclusion and exclusion criteria
Our overall inclusion criteria were the following: Exclusion criteria included the following:
1. Specialized or aggressive rehabilitation protocol 2. Posterior shoulder dislocation studies
Results
Diagnosis
Anterior shoulder dislocations are often clinically diagnosed given their classic appearance. Patients normally present with their arm adducted and internally rotated, showing a loss of normal deltoid contour [8] . A posterior sulcus or glenohumeral void may be visible, and the humeral head may be palpable anteriorly. Radiographs can be used to confirm the diagnosis, as well as to visualize concurrent damage to bone. In general, radiographs before reducing the shoulder are not necessary unless one of the following three conditions is met: age over 40, first-time dislocation, traumatic mechanism of injury. If these three factors are negative, there is a negative predictive value of 96.6% for associated fracture [10] .
Standard radiographs to assist with initial diagnoses, or in post-reduction assessment, are the following: anteroposterior views in neutral, external, and internal rotation, a lateral, or "Y," view in the scapular plane, and an axillary view [11] . Computerized tomography (CT) scans are not routinely used initially, except to better assess for bone loss in first-time dislocators if surgery is required or a CT angiogram for possible vascular injury. MRI is best for soft tissue pathology, such as damage to the labrum, axillary nerve, or shoulder capsule, but is also infrequently used as history and physical exam provide most of the essential information [11] .
Associated complications
Bone involvement Evaluating bone injury before reduction is necessary as humeral fractures can cause complications and further damage. A relatively common injury associated with anterior shoulder dislocations involves the posterolateral head of the humerus impacting the anteroinferior glenoid, causing a cortical depression in the posterolateral head of the humerus, known as a HillSachs lesion [12] . The prevalence of Hill-Sachs lesions was found to be 54% in a large-scale study of anterior dislocations [13] . In similar fashion, a bony Bankart lesion occurs when the anterior rim of the inferior glenoid is damaged by the shifting head of the humerus. The prevalence of Bankart lesions in anterior shoulder dislocations has been reported as approximately 73% in two studies [14, 15] . A defect of over 20% of the area is considered "critical," and to be managed surgically. Detecting these lesions is of value given their association with an increased risk of recurrent dislocation. However, it has been demonstrated that instability severity index scores below 7 are not useful in predicting increased recurrence risk [16] . In terms of vascular injuries, shoulder dislocations with concomitant fractures are highly associated as only 1% of patients with vascular pathology show no bone injury [17] . Considering these associations, evaluating bone damage in shoulder dislocations is important in determining appropriate management strategies.
Nerve involvement Nerve injuries also occur in association with shoulder dislocations. Axonal loss following anterior dislocation has been found to be 45-48% with notable risk factors of age, bruising, and fractures [18, 19] . The axillary nerve is most commonly affected and detected clinically with functional loss of deltoid movement and sensation over lateral shoulder. Less frequently, the brachial plexus can be injured as a result of lateral traction produced by the dislocation. Patterns of damage depend on humeral position at the time of dislocation. Abduction and internal rotation can cause damage to all cords while extension of the elbow and wrist is associated with medial cord injury. The posterior and medial cords can both be impacted by dislocation with elbow flexion [20] .
Vascular involvement Vascular injuries are infrequent but emergent complications of shoulder dislocations. Axillary artery transection, a rare but major complication of shoulder dislocation, portends high morbidity if not properly recognized [21] . The incidence of arterial injuries with dislocations has been reported as 2% [22] . Although vascular issues are more common in dislocations of older patients or those with atherosclerosis, they can occur in individuals of any age [18] . In a review of 90 such cases, the morbidity was found to be 50% when reduction was performed weeks after dislocation [23] .
Detecting vascular injury commonly involves diminished pulses and protruding axillary hematoma, although collateral circulation may provide capillary filling despite present arterial injury [24] . In cases with either diminished pulses or decreased skin temperature, an angiogram is recommended to properly evaluate vascular state.
Rotator cuff tears Soft tissue abnormalities of the labrum, glenoid, or tendons are commonly associated with anterior shoulder dislocations. During dislocation, the humeral head may avulse and form a pocket within the anterior glenoid and labrum, known as a Bankart lesion [25] . The frequency of anterior shoulder dislocations with concomitant Bankart lesions has been shown to be as high as 83%, with a rate of 78.2% in acute dislocations, and Bankart and/or anterior labroligamentous periosteal sleeve avulsion (ALPSA) lesions in up to 97.11% of patients with chronic instability [26] . Rotator cuff tears also occur alongside dislocations at a frequency ranging from 7 to 32%, with older individuals more commonly affected [27] [28] [29] . These tears, due to prognostication of continued shoulder instability, require prompt attention, and can be confirmed with MRI if suspected on physical exam.
Management
Reduction Timely management of anterior shoulder dislocations is absolutely essential for optimal patient outcomes, as there is elevated risk of unstable reduction if the shoulder is left untreated for over 24 h from initial injury [13] . Early reduction also leads to lower risk of muscle spasm and damaging manipulation of neurovascular structures within the shoulder [30] . While there is clear consensus regarding the timeline of anterior dislocated shoulder reduction, the optimal method of reduction is less obvious. There are over 20 different methods of shoulder reduction with variations in traction, leverage, and scapular manipulation; however, no optimal reduction method has been established [31, 32] . A clinician's choice of reduction method is primarily based on personal preference and the ability of the patient to maintain his or her shoulder in the appropriate position [32] [33] [34] . In view of procedural sedation for dislocation reduction, a combination of a narcotic and benzodiazepine with or without the addition of propofol is most commonly used [35] . Remifentanil was recently shown to have equal analgesic efficacy and shorter onset compared to the combination of propofol and fentanyl but also exhibited significantly higher rates of apnea [36] . Inhaled methoxyflurane, when used in the emergency department for shoulder dislocations, was recently found to have a shorter recovery time and be of equal efficacy to propofol [37] .
Immobilization Several studies have investigated optimal immobilization techniques for the management of anterior shoulder dislocations. One such study demonstrated the risk of dislocation recurrence was not influenced by the chosen form of immobilization by finding that patients who wore a standard sling until they felt comfortable without it showed similarly proficient longterm outcomes compared to patients with formal forms of immobilization [13] . A meta-analysis found immobilization for longer than 1 week following anterior shoulder dislocation does not improve the risk of recurrence. The same study also demonstrates slightly decreased rates of dislocation recurrence with external rotation immobilization over internal rotation [38] . A 2018 study of 50 patients found that external rotation showed a significant improvement over internal rotation for recurrent dislocations in the 20-40 age subgroup [39] . This may be due to less separation of the torn labrum and increased labrum-glenoid contact force in Bankart lesions when the affected shoulder is externally fixated [40, 41] . While these results are promising, external rotation immobilization can be a more awkward position for patients, posing temporary difficulties with daily activities. This should be taken into consideration when choosing the best form of immobilization for a patient.
Reports of external rotation are not unanimously favorable. A recent literature review of the position of immobilization after first-time traumatic anterior shoulder dislocations found that external rotation posed no superiority to internal rotation [42] . Although external rotation did result in better coaptation of the labrum and glenoid fossa, there were no significant differences in dislocation recurrence rates or patient quality of life. It is speculated that external rotation immobilization may be the method of choice for patients with a specific labroligamentous injury with anterior shoulder dislocation, but research-supported conclusions are yet to be determined [42] . It has been suggested external rotation immobilization should only be considered in highly motivated, compliant patients who are informed of the discomfort and possible difficulties with everyday tasks while the brace is being used. Finally, high-demand patients, including professional athletes, should receive MRI evaluation before immobilization for any potential soft tissue injuries, such as a subscapularis muscle tear, which would eliminate the possibility for external rotation immobilization [42] .
Surgical treatment Management strategies for dislocations often include surgical options. For patients under 30, non-surgical treatment has been associated with significantly higher rates of recurrent dislocation outside of young adolescents [9, 43] . One study, over 10 years, determined that conservatively managed patients exhibited a 62% recurrence rate compared with 9% in surgically repaired patients [9] . Furthermore, arthroscopic surgical stabilization offers better shoulder mobility, satisfaction, and quicker return to activity time [44] . Surgical repair is an appealing option for high-risk patients who have experienced traumatic anterior shoulder dislocation, are between the ages of 21-30 years, and who participate in high-risk sports [45] .
Much has been published about the surgical treatment options for shoulder dislocation. A review of 655 articles on surgery for shoulder instability found that 10 out of 31 procedures were given grade A or B recommendations [46] . Those given grade A in favor of recommendation included open Bankart, arthroscopic Bankart, and the Latarjet procedures. For Bankart lesions, surgical repair has shown high success in preventing recurrent dislocations with low surgical morbidity and is suggested to be superior to conservative immobilization [47, 48] . Recurrent instability after arthroscopic Bankart repair has been reported to be as low as 8.1% and associated with younger patients, bilateral involvement, and closed reduction prior to repair [43] . Overall failure rates of Bankart repair, pooled from a meta-analysis of 12 studies, was found to be 13.7% [49] . A study analyzing the success of this procedure found failures commonly arise due to technical errors or improper patient selection. Taking this into consideration, some clinicians suggest surgical Bankart repair should be reserved for patients with unidirectional, post-traumatic, anterior instability, and well-developed ligamentous tissue due to failures [50] . The Latarjet procedure involves transplant of the coracoid process to the scapular neck to treat recurrent dislocation and has demonstrated excellent long-term clinical outcomes and return to sport rate [51, 52] .
Recurrent instability is reported to be as low as 0-5.4% [53, 54] . Most complications of the procedure can be avoided with proper surgical technique but further research is underway in areas related to adverse outcomes including graft position and osteolysis [55] .
In terms of surgical strategy, there is an ongoing discussion as to whether open or arthroscopic repair is superior. Long-term investigations have found a higher recurrence of instability in arthroscopic repair compared to open techniques [56, 57] . However, this is contended by randomized clinical trials, investigations with adolescents, and long-term follow-up studies that found no significant difference in clinical outcomes between the two surgical approaches [58] [59] [60] . In regard to complications, a review of 56 studies considering 4362 procedures noted complication rates of 1.6% and 6.2% for arthroscopic and open techniques, respectively [61] . Most common complications included unspecified hardware problems, postoperative stiffness, nerve injury, nonunion, and infection. Subsequent evaluation is warranted before either open or arthroscopic approach can be definitively deemed more advantageous [8] .
Prognosis
Re-dislocation Re-dislocation of the glenohumeral joint is very common even after appropriate treatment, with some studies reporting recurrence rates exceeding 70% [62] [63] [64] . However, rates of recurrence vary greatly, and patient age seems to play a significant role in the determination of that rate. One study of 15,246 anterior shoulder dislocations found an overall recurrence of 28.7%. Interestingly, the dislocation recurrence rate was higher in soldiers under the age of 40 [65] . Another study of 154 anterior shoulder dislocations found a similar trend, with a 68% recurrence rate in patients under 20 years old, 54% in patients under 30, and only 12% in patients over 30 [66] . A more recent study focused only on those who re-dislocated within 1 year of the initial event and found a recurrence rate of 46% in 128 participants [67] .
The commonality of recurrent anterior shoulder dislocations can be attributed to the shoulder anatomy deformities present following initial dislocation. Such injury-caused deformities include abnormal laxity of the joint capsule and surrounding muscles, deformities of the head of the humerus, and contracture of the muscles surrounding the glenohumeral joint [13, 67, 68] . Of note, greater tuberosity fractures have been shown to decreased the risk of recurrent instability in patients who obtained the injury in first-time traumatic anterior shoulder dislocations [68] . Subsequent anterior shoulder dislocations increase the risk of glenoid bone loss, exacerbating the already existent shoulder deformities present after initial injury [69] . An evaluation of 714 athletes found a glenoid bone loss of 6.8% after a first-time anterior shoulder instability event and a total calculated glenoid bone loss of 22.8% in the setting of recurrent instability [70] . A primary study evaluating recurrent dislocations in cases of glenoid bone loss found recurrence rates similar to the rest of the literature, with a 27% rate in patients over 30 and a 72% rate in patients under 23 years old [13] . In addition, more recent studies, including a systematic review and metaanalysis, found that younger patient age, male sex, glenohumeral joint hyperlaxity, higher activity levels, increased pain, and higher levels of reinjury fear also increase the risk of dislocation recurrence [13, 67] . A separate investigation observed recurrent dislocations in view of anatomical factors and found that increases in the humeral containing angle and glenoid height-to-width ratio were significant risk factors [71] .
Return to sport following conservative management
The timeline from dislocation to returning to activity is a key concern for patients and will commonly be the first question encountered by the diagnosing physician. Interestingly, most clinical recommendations in this regard are based on individual anecdotal experience instead of clear guidelines [8] . Most treatment regimens aimed at an efficient return recommend an initial short period of immobilization in a simple sling between 1 and 3 weeks [72] . For returning to activity, some clinicians advise the patient that return is permissible when range of motion and strength are near normal [32] . A study by Watson et al. agrees with this, noting the general consensus that the patient should be pain free with symmetric scapular strength before returning, generally occuring within 2-3 weeks [8] . However, this notion has been challenged by a study that showed patients who returned before 6 weeks had significantly poorer outcomes than patients who waited over 6 weeks to return [73] . While there are no current evidence-based parameters on goal rotator cuff strengths before return to sport, one recent study found weakness in internal and external rotator strength was associated with recurrent anterior shoulder instability [74] . This suggests symmetric rotator cuff strength between shoulders may be a sensible recommendation before allowing full return to sport following conservative management.
Return to sport following surgery Patients are typically able to return to sport anywhere from 4 to 6 months following surgical correction of an anterior shoulder dislocation and most are able to achieve pre-injury activity level [75] . An investigation of 58 football players with surgical intervention of shoulder dislocations found that 98.7% were able to return to play for at least 1 year without subsequent injury [76] . Another study of 57 athletes in various sports found that all study participants were able to return to play and 66% of them stated surgical repair improved their shoulder functionality in their respective sport compared to preoperative condition [77] . Of 51 baseball players who underwent arthroscopic Bankart repair, the average return to play was 8.4 months with those in non-throwing positions demonstrating the best results [78] . This study also found 90% of athletes were able to participate in at least one game with followup duration set at 24 months.
Appropriate time for return to play is determined by symmetrical abduction and external rotation of the glenohumeral joint [6, 64, 76] . Timeline for post-op therapy varies depending on surgeon preference, but the following multiphase approach is most commonly seen. Phase 1 includes sling immobilization for 4 weeks with isometric contractions. Phase 2 includes limiting active range of motion of the glenohumeral joint to 45°of external rotation for 4 weeks. Phase 3 includes allowing full active range of motion while using resistance and plyometric training to strengthen the joint, restore full range of motion, and improve proprioceptive feedback before finally allowing the patient to return to full activity. Overall, the currently used postoperative anterior shoulder dislocation rehabilitation timelines seem to work very well [76] [77] [78] .
Conclusions
Achieving the best long-term results when managing primary anterior shoulder dislocations requires a systematic series of decisions. First, the proper diagnosis must be made, as well as detection of any comorbidities. X-ray is the best initial imaging when reduction of the joint is necessary. Additional studies should be added if comorbidities such as vascular, nerve, or soft tissue damage are suspected. Reduction using the clinician's preferred method and appropriate pain control is the next best step, followed by post-reduction films to ensure proper positioning. The next vital information is risk stratification, with two of the most important predictors of recurrence being age and activity level.
If a patient is young and active, particularly under the age of 30, they are far more likely to redislocate the shoulder. For this population, we suggest discussing the risks and benefits of conservative versus surgical approaches with patients, as surgical options have been shown to have superior long-term results in this patient population outside of young adolescents. Additionally, surgical approaches have a more predictable course of recovery, but carry larger risks. Decisions on surgical approach should focus on comorbidities present, as well. Conservative management appears to be the best initial management for elderly patients or young patients not involved in demanding overhead activities.
Following surgical stabilization, or simple reduction, internal immobilization for 1-3 weeks is recommended. Evidence supporting external immobilization has not been reproduced and is oftentimes uncomfortable for patients. Physical therapy and a series of exercises should always be included in long-term management, with 3 months as the preferred time course. Specially designed rehab protocols have been shown to accelerate time to return to sport, but the decision to return to full activity should be based on symmetric range of motion and strength in comparison to the healthy shoulder. In the case of a competitive athlete, they are able to return to play within 2 to 3 weeks, but there is a high risk of recurrent instability. Therefore, this is not recommended if the goal is a lower recurrence rate. Additional randomized controlled trials are necessary to further explore optimal long-term management. Currently, recommendations for unrestricted return to play remain broad and generalized, as opposed to a specific timeline. At this time, then, it is best to approach each case on an individual basis and rely on functional comparisons of strength, range of motion, and sport-specific requirements at scheduled check-ups to make these important decisions.
Limitations
An important limitation of a narrative overview of this kind is generalizability of the groups of patients upon which each study focused. In almost every study reviewed, the percentage of male patients exceeds 50%, so there is not an even distribution of male to female patients, and males have been associated with a higher rate of recurrence [3] . Additionally, most studies reviewed in the operative repair section had a mean age below age 30, and younger age is the largest predictor of recurrent dislocations [2, 3, 40, 45] . Heterogeneity is a great issue for generating conclusions based on available literature because primary outcomes between the studies varied. We must acknowledge, then, that although specialized rehabilitation programs were excluded, those following similar, standard shoulder strengthening rehabilitation were included. It is impossible to know the compliance of each of these patients and their exact return as it was not always reported, nor do we know how strict the rehabilitation schedules were enforced. Other possible confounding factors for the studies summarized included surgeon skill level, presence of publication bias, small individual study sizes, severity of injuries, significant variability in methods of injury, and unreported variation in shoulder capsular damage. 
